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ABSTRACT 

'The a d v a n t a g - e s  and  ! i s a d v a n t a g e ;  o f  u s i n g  a l u n a r  
p s r h  i 2, b i t  - - r i i e n t a t i o n  t h a t  would e l i m i n a t e  i p l a n e  change  
1 y t h e  CSN a t  LIS] a s c e n t  a re  p o i i i t e d  o u t .  The p r i n c i p a l  
c l i s a d v a n t a g e s  a r e  an i n c r e a s e  o f  up t o  4500 pounds o f  SPS 
r e q u i r e d  p r o p e l l a n t  a , i d  t h e  p o s s i b l e  c o n f l i c t  o f  t h e  r e q u i r e d  
l m a r  ~ r ~ i t  o r i e n t a t i  3n and  s i t e  appraoach path r e s t r i c t i o n s  
due t o  t e r r a i n  r o u g h n 2 s s .  The a d v a n t a % e a  p o i n t e d  o u t  a r e  t h e  
d e l e t i o n  o f  one r e q ' i i r e d  SPS b u r n  and t h e  p o s s i b i l i t y  o f  
r e d u c i n g  MSFN t r a c k i n g  r e q u i r e m e n t s  for m a i n t a i n i n g  knowledge 
of  the CSM l u n a r  o r b i t .  It i s  c o n c l u d e d  t h a t  t h e  magn i tude  
o f  t h e  p r o p e l l a n t  c o s t  and a t t e n d a n t  l o s s  of m i s s i o n  o p p o r -  
t u n i t i e s  ou twe igh  any a d v a n t a g e s  a c c r u i n g  from t h e  d e l e t i o n  
o f  t h e  p l a n e  change  r e q u i r e m e n t .  
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I n t r o d u c t i o n  

The p r e s e n t  A p o l l o  t r a j e c t o r y  p l a n n i n g  p r o v i d e s  f o r  
an  i n - p l a n e  LM d e s c e n t  t o  t h e  l a n d i n g  s i t e  a n d  i n  some c a s e s  
imposes  an a p p r o a c h  p a t h  r e s t r i c t i o n ;  o t h e r w i s e  t h e  o r i e n t a -  
t i o n  o f  t h e  l u n a r  p a r k i n g  o r b i t  r e l a t i v e  t o  t h e  l a n d l n g  s i t e  
i s  a f r e e  v a r i a b l e .  I n  g e n e r a l  m i s s i o n  p l a n n i n g  w i l l  r e s u l t  
i n  some r e q u i r e d  p l a n e  change  by t h e  CSM p r i o r  t o  a s c e n t  i f  
t h e  a s c e n t  maneuver  i s  t o  b e  i n - p l a n e .  Whi le  a l u n a r  o r b i t  
c o u l d  b e  c a l c u l a t e d  which  would e l i m i n a t e  s u c h  a p l a n e  c h a n g e ,  
s u c h  p l a n n i n g  i n c u r s  p o s i t i v e  d i s a d v a n t a g e s  which a r e  enumera ted  
i n  t h i s  n o t e .  

Luna r  P a r k i n g  O r b i t s  

The m o t i o n  o f  t h e  l u n a r  o r b i t  p l a n e  r e l a t i v e  t o  t h e  
l u n a r  s u r f a c e  i s  g o v e r n e d  p r i m a r i l y  by two e f f e c t s .  The p r i -  
mary e f f e c t  i s  t h e  r a t e  o f  t h e  moon ' s  r o t a t i o n  a b o u t  i t s  own 
a x i s  a n a  t h e  s e c o n d  i s  t h e  p r e c e s s i o n  o f  t h e  o r b i t  due  t o  t h e  
o b l a t e n e s s  o f  t h e  moon. For r e t r o g r a d e  l u n a r  o r b i t s ,  which  
a re  r e q u i r e d  f o r  f r e e  r e t u r n  t r a j e c t o r i e s ,  t h e  e f f e c t s  a r e  
s u b t r a c t i v e .  For l u n a r  o r b i t  i n c l i n a t i o n s  up t o  20 degrees 
t h e  e f f e c t i v e  ( r o t a t i o n  and p r e c e s s i o n )  eastward d r i f t  o f  a 
l u n a r  l a n d i n g  s i t e  r e l a t i v e  to t h e  CSM o r b i t  i s  a p p r o x i m a t e l y  
1 2 . 1  d e g r e e s  p e r  day .  

The Apo l lo  M i s s i o n  P r o f i l e  h a s  been  d e s i g n e d  t o  u s e  
an  i n - p l a n e  l u n a r  d e s c e n t .  Hence t h e  CSM/LM o r b i t  p l a n e  a t  
t h e  t i m e  of  d e s c e n t  must  c o n t a i n  t h e  d e s i r e d  l u n a r  l a n d i n g  
s i t e .  
w i l l  r e s u l t  i n  no p l a n e  change  r e q u i r e m e n t  a t  LM a s c e n t  one  
n e e d  c o n s i d e r  l a n d i n g  s i t e  l a t i t u d e ,  s t a y  t i m e ,  and  l u n a r  
o r b i t  i n c l i n a t i o n .  F i g u r e  1 shows a l u n a r  o r b i t  g r o u n d  t r a c k  
and  t h e  e f f e c t i v e  d r i f t  of t h e  l a n d i n g  s i t e  p r o j e c t e d  o n t o  
a l a t i t u d e / l o n q i t u d e  g r i d .  P o i n t  A r e p r e s e n t s  t h e  d e s i r e d  
l a n d i n g  s i t e  l o c a t i o n  r e l a t i v e  t o  t h e  CSM/LM o r b i t  t r a c e  a t  
l u n a r  o r b i t  i n s e r t i o n .  S i n c e  t h e  l a n d i n g  s i t e  moves t o  t h e  
e a s t  r e l a t i v e  to t h e  o r b i t  a t  a p p r o x i m a t e l y  1 /2 -degree  p e r  
h o u r ,  a t  LM d e s c e n t  t h e  l a n d i n g  s i t e  h a s  p r o g r e s s e d  t o  B 

I n  o r d e r  to d e t e r m i n e  t h e  CSM p a r k i n g  o r b i t  p l a n e  which  
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and a n  i n - p l a n e  d e s c e n t  c a n  be p e r f o r m e d .  The d i s t a n c e  BD 
d e t e r m i n e s  t h e  s u r f a c e  s t a y  t i m e  which  w i l l  r e s u l t  i n  a n  
i n - p l a n e  a s c e n t  f G r  t h e  o r b i t  t r a c e  d e s i g n a t e d  I .  O r b i t  I1 
would r e s u l t  i n  a d i f f e r e n t  s t a y  t i rxe f o r  a n  i n - p l a n e  a s c e n t ,  
t h e  d i s t a n c e  h e r e  i n d i c a t e d  by ED! Thus i t  i s  seen t h a t  f o r  
any r e q u i r e d  s t a y  t i m e  a t  a s p e c i f i e d  l u n a r  l a n d i n g  s i t e  i t  
i s  p o s s i b l e  t o  s e l e c t  a 1una.r o r b i t  p l a n e  which  would r e s u l t  
i n  no p l a n e  change  r e q u i r e d  a t  LM d e s c e c t  c r  a . s c e n t .  T h i s  p l a n e  
i s  u n i q u e l y  d e t e r m i n e d  by t h e  p o i n t s  B and  D .  

I t  shoLild b e  n o t e d  t h a t  t h e  maximum p l a n e  change  
r e q u i r e d  d u r i r , g  t h e  s t a y  t i m e  i s  n o t  z e r o .  If any  t ime l u n a r  
l i f t  o f f  c a p a b i l i t y  i s  d e s i r e d ,  t h e  CSM f u e l  mus t  b e  b u d g e t e d  
f o r  t h e  rnaxirr,un r e q L i r e d  p l a n e  change  shown i n  F i g u r e  1 as 
% a x .  

The F r e e  R e t u r n  M i s s i c n  

The CSN/LM must be p l a c e d  i n t o  t h e  s p e c i f i e d  l u n a r  
p a r k i n g  o r b i t  w i t h  a ma jo r  SPS elzgine f i r i n g  2.nd a t  t h e  e n d  
of  t h e  l u n a r  s t a y  t h e  CSM must be b o o s t e d  ontG t h e  t r a n s e a r t h  
t r a j e c t o r y  w i t h  a n o t h e r  ma jo r  SPS f i r i n g .  It  i s  n o t  s u p r i s i n g  
t h a t  t h e  p r o p e l l a n t  r e q u i r e d  f o r  t hese  rr,ar,euvers i s  d e p e n d e n t  
upon t h e  o r i e n t a t i o n  o f  t h e  l u n a r  p a r k i n g  o r t i t  p l a n e  ar,d 
h e n c e  t h e  l u n a r  o r b i t  o r i e n t a t i o n  i s  t r e a t e d  a s  a t r a j e c t o r y  
o p t i m i z a t i o n  p a r a m e t e r .  

To d e t e r m i n e  t h e  ccet G f  e l i m i n a t i n g  t h e  l u n a r  o r b i t  
p l a n e  change  i n  t h e  n c m i n a l  m i s s i o n ,  t r a j e c t o r i e s  t o  A p o l l o  
s i t e s  were g e n e r a t e d  f o r  1969. The resk l t s  a re  g i v e n  i n  
F i g u r e  2 f o r  a c e n t r a l  and  wes t  s i t e  f o r  t h e  year’ 1 9 6 9 ,  and  
i n  F i g u r e  3 f o r  a l l  C a c d i d a t e  A p c l l o  s i t e s  ir ,  t h e  rr-cnth c f  
J u n e  1 9 6 9 .  T a b l e  I l i s t s  t h e  s i t e s  and  t h e i r  s e l e n o g r a p h i c  
l c c a t i o n s .  These f i g u r e s  r e p r e s e n t  t h e  i n c r e a s e  i n  s p s c e -  
c r a f t  i n j e c t e d  w e i g h t  due  t o  i n c r e a s e d  p r o p e l l a n t  r e q u . i r e r r e n t s  
which  r e s u l t  when t h e  l u n a r  p a r k i n g  o r b i t  o r i e n t z t l o n  i s  
c c n s t r a i n t e d  b y  r e q u i r i n g  t h a t  no p l a n e  change  be  mad.e on  LM 
d e s c e r , t  or Rominal a s c e r i t .  I t  c a n  b e  s e e n  t h a t  i n  some c a s e s  
t h e  t o t a l  SPS p r o p e l l a n t  r e q u i r e m e n t s  i n c r e a s e  b y  as much 
a s  45CO pGu.r iaz .  I n  o t h e r  cases  t h e  c p t i m i z e d  m i s s i o n  p a r k i n g  
o r b i t  o r i e n t a t i o n  c o i n c i d e d  w i t h  t h e  z e r o  p l a n e  change  p a r k -  
i n g  G r b i t  a n ?  n c  p s r l a l t y  was o b s e r v e d .  
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Approa.ch P a t h  L i m i t s  

A s  t h e  r e d u c t i o n  and s t u d y  o f  Lunar  C r b i t e r  pho tog-  
rapt,y p r o g r e s s e s  i t  i s  e x p e c t e d  tl-lzt for s o n e  c a n d i d a t e  A p o l l o  
l a n d i n g  s i t e s  a n  a p p r o a c h  az imutk  r e s t r i c t i o n  w i l l  b e  i n p o s e d .  
'lhese r e s t r i c t i o n s  n i l 1  be  t h e  r e s h l t  o f  t e r r a i n  r o u g h n e s s  
i n  t h e  a p p r o a c h  p a t h  a t  c e r t a i n  a z i n u t k s  which i s  u n a c c e p t a b l e  
due  t o  t h e  c o r r u p t i o n  o f  l a n d i n g  r a ,da r  data  b e i n g  s u p p l i e d  to 
t h e  LM g u i d a n c e  s y s t e m .  It i s  p c s s i b l e  t h a t  f o r  some l u n a  
l a n d i r , g  s i t e s t h e  o r b i t  d e t e r m i n e d  by  a no-p lane-change  
c o n s t r a i n t  would r e s u l t  i r ;  arl a p p r c a c h  a z i m u t h  w i t h i r  t h e  
u n a c c e p t a b l e  r e g i o n .  Hence i v  some c a s e s  t h e  z e r o  p l a n e  
change  s t r a t e g y  would e l i m i n a t e  a n  o t h e r w i s e  u s e f u l  l a n d i r , g  
s i t e .  

P o s s i b l e  Advantages  

The d e l e t i o n  of  a p l a n e  change  maneuver  by t h e  CSM 
i n  l u n a r  o r b i t  would r e l i e v e  t h e  MSFN t r a c k i n g  r e q u i r e m e n t s  
t o  some e x t e n t .  
t h e  CSM o r b i t  a f t e r  a n  SPS maneuver  would b e  e l i m i n a t e d .  T h i s  
same a d v a n t a g e  c o u l d  be r e a l i z e d  by r e q u i r i n g  t h a t  t h e  LM make 
a p l a n e  change  d u r i n g  a s c e n t  and  r e n d e z v o u s ;  however ,  for 
o p e r a t i o n a l  and p e r f o r m a n c e  r e a s o n s ,  a LM p l a n e  change  maneuver  
i s  n o t  p l a n n e d  ( a  1 /2 -degree  c a p a b i l i t y  i s  p r o v i d e d  for a 
t o u c h  up maneuver  by t h e  LM) .  

The need  f o r  r e - e s t a b l i s h i n g  knowledge o f  
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The e l i m i n a t i o n  o f  one SPS b u r n  f rom t h e  m i s s i o n  
p r o f i l e  c o u l d  h a v e  r e l i a b i l i t y  i m p l i c a t i o n s ;  however ,  no 
p rob lems  w i t h  m u l t i p l e  SPS r e s t a r t s  have  been  i d e n t i f i e d  a t  
t h i s  t i m e .  

C o n c l u s i o n s  

The a d d i t i o n a l  c o n s t r a i n t  r e q u i r i n g ,  i n  t h e  n o m i n a l  
c a s e ,  no l u n a r  o r b i t  p l a n e  change a t  LM a s c e n t  d o e s  n o t  a p p e a r  
a d v a n t a g e o u s  a t  t h i s  t i m e .  The p r i m a r y  d i s a d v a n t a g e  i s  t h e  
a d d i t i o n a l  SPS p r o p e l l a n t  r e q u i r e m e n t  o f  up t o  4500 l b s .  
The p o s s i b l e  loss o f  m i s s i o n  o p p o r t u n i t i e s  due  t o  a p p r a o c h  
p a t h  r e s t r i c t i o n s  i s  a l s o  s e r i o u s .  

O p e r a t i o n s  p l a n n i n g  and  s o f t w a r e  deve lopmen t  c o u l d  
not. t , ake  a d v a n t a g e  o f  t h e  p o s s i b l e  s i m p l i f i c a t i o n s  s i n c e  t h e r e  
i s  a r e q u i r e m e n t  f o r  any o r b i t  LM l a u n c h ,  which  would r e q u i r e  
a p l a n e  change  i n  a c o n t i n g e n c y  c a s e .  

2013-DRA-srb D .  R .  Anselmo 

A t t a c h m e n t :  
F i g u r e s  1, 2 ,  3 



W 
n 
3 

Z 
0 

5 
-! 

I 



0 
0 
0 w 

0 
0 
0 
c7 

0 
0 
0 
(v 

Sal- lH913M a3133fNI NI 3SV313NI 

0 
8 
c 

0 

3 

(3 
Z 

0 
V 

n 
W 

z 



I I 1 I 1 

0 0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 * m cu c 

Sal- 1Hf)lIM Cl3133rNl NI 3SVlt13NI 



B E L L C O M M .  I N C ,  

S u b j e c t :  D i s c u s s i o n  o f  t h e  STAC Q u e s t i o n  From: D .  R .  Anselmo 
R e g a r d i n g  I m p l i c a t i o n s  o f  a 
P l a n e  Change R e s t r i c t i o n  a t  LM 
Ascent  - Case 3 1 0  

D i s t r i b u t i o n  L i s t  

NASA HEADQUARTERS 

M r .  T .  A .  Keegan/MA-2 

B e  11 c omm 

Messrs. A .  P .  Boysen 
J .  0. C a p p e l l a r i  
D .  R .  Hagner  
W .  G .  H e f f r o n  
W .  C .  H i t t i n g e r  
B .  T .  Howard 
J .  L .  M a r s h a l l  
J .  Z .  Menard 
V. S .  Mummert 
I .  D .  Nehama 
I .  M .  Ross 
R .  V.  S p e r r y  
R .  L .  Wagner 

C e n t r a l  F i l e s  
Depar tment  1 0 2 3  
L i b r a r y  


